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Abstract

Background: Biosurfactants are surface-active molecules which consist
mainly of a hydrophobic and a hydrophilic part. Because of the amphoteric
property of biosurfactants and differences in plasma membrane
characteristics of cancer and normal cells, biosurfactants can exert specific
anticancer effects. Hence, these compounds are proposed to be widely
applied in the treatment of cancer.

Objective: Assessing the ability of Bifidobacterium species to synthesize
biosurfactant compounds and evaluating the cytotoxicity of those
compounds in the WRL68 normal cell line and the MCF-7 cell line.

Materials and Methods: Bifidobacterium species were isolated from milk
samples from healthy women with normal pregnancy conditions. Women
with mastitis were excluded. Biosurfactants were extracted and purified
using ion exchange chromatography and cytotoxicity was assessed using the
MTT assay.

Results: Four biosurfactant compounds were isolated, and the IC50 was
measured for each compound. Each compound showed different cytotoxic
activity toward MCF-7 and WRL68 cell lines. Compound no. 4 was coined
to be the best choice among the others as it showed the most inhibitory effect
on MCF-7 cells, with the lowest effect on normal cells.

Conclusion: Isolated Bifidobacterium species can produce at least 4 new
biosurfactant compounds with varying activity and toxicity. One of these
compounds exerts a specific antitumor effect on MCF-7 breast cancer cells.
Although complementary studies are needed, the isolated biosurfactant can
be used in combination with current modalities to increase the efficacy of
treatment in breast cancer.
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Introduction

The antiadhesive activity of biosurfactants
against pathogens has made them
applicable in biomedical applications, such
as gene transfection, antigen adjuvants,
immunoglobulin-binding

ligands, activators of fibrin clot lysis,
inhibitors of fibrin clot formation, and
antiadhesive  biological coatings for
prosthetic materials. Surfactin (lipopeptide)
is the best-known and most studied
biosurfactant. = Recently, considerable
attempts have been made to demonstrate its
applicability in a variety of biomedical
settings [1-4].

Because biosurfactants are so diverse, the
scientific community’s interest in finding
novel molecules with intriguing antitumor
properties and delving further into their
mechanisms of action is growing all the
time. The antitumor effect of biosurfactants
produced by Bifidobacterium species was
investigated in this study. The current study
was an in vitro experiment that aimed to test
the cytotoxic effect of biosurfactants
extracted from Bifidobacterium species on
both the MCF-7 cancer cell line and the
WRL68 normal cell line.

Materials and methods

Samples collection

Breast milk samples were collected from
healthy women who had a normal
pregnancy. Women with mastitis were
excluded. Fifty samples of breast milk were
collected between 4-7 days after delivery
and were cultured in two ways: (1) a part of
the milk sample (without dilution) was
transferred to the L-cysteine-MRS medium
(de Man, Rogosa, and Sharpe medium), and
then a loopful of culture was spread on the
culture plate, using the streak plate method,
to obtain single colonies; and (2) same as
the previous technique, except that the
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samples were first diluted with 0.1%
peptone water (prepared and sterilized
according to the instructions of the
manufacturer) before being transferred to
the culture medium [5].

Identification

The bacteria were identified based on the
phenotypic characteristics of the colonies
from positive cultures, the microscopic
characteristics of cells, and spore forming
and sugar fermentation tests, and other
biochemical tests, such as the KOH test, and
catalase and oxidase tests [6, 7].

Assessing bacterial growth at different
temperatures

We used the method developed by Buck
and Gilliland [8]. Sterile MRS broth
medium was distributed in 10 test tubes (5
ml per tube). The tubes were inoculated
with a pure culture of an isolate of
Bifidobacterium species and distributed
into five groups, each group was incubated
at a specific temperature (5, 15, 25, 35, and
45 °C) for 5 days. This procedure was used
with each isolate of  Bifidobacterium
species. After the incubation, the ability of
bacterial cultures to grow at these different
temperatures was assessed by comparing
the growth and density (in the form of
turbidity and sediment) among the groups.
Testing the ability of Bifidobacterium
species to produce biosurfactants

We used the oil diffusion method for this
purpose. Distilled water (30 ml) was placed
in a sterile petri dish, then 1 ml each of
coconut oil and gingelly oil was added and
placed in the center of the dish, then 20 pl
of the bacterial culture (prepared in a 2-3-2
ratio) was added to the center. The
biosurfactant-producing bacteria dislodged
oils and spread in water [9].

Biosurfactant extraction from
Bifidobacterium species
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The method described by Rodrigues et al.
and Almajlawi et al. [10, 11] was followed
with modification. The L-cysteine-MRS
broth medium was inoculated with pure
isolates of Bifidobacterium species. The
cultures were then incubated in anaerobic
GasPak jars at 120 rpm for 48 hat 37 °C and
then were centrifuged at 10,000 rpm for 30
min at 4 °C. The filtrate was discarded, and
the precipitate was collected; then, the cells
were washed twice with deionized water
and resuspended in phosphate-buffered
saline (PBS) at pH=7.0. The solution was
kept at room temperature for 3-4 h while
being stirred slowly to release the
biosurfactant. Then, centrifugation was
used to get rid of cell residues.

The solution was sterilized by filtering
through a 0.22-um Millipore membrane
filter to obtain the biosurfactant.
losurfactant compounds were dried using a
lyophilizer, and the resultant powder was
kept at 4 °C until use.

Biosurfactant cytotoxicity assessment

To investigate the possible cytotoxic effects
of the compounds isolated from the
bacteria, MCF-7 tumor cells and WRL68
normal cells were exposed to various doses
of each biosurfactant.

Statistical Analysis

To determine whether group variance was
significant, a one-way ANOVA (Duncan)
was used; statistical significance was set at
0.05. GraphPad Prism v. 6.0 (GraphPad
Software Inc., La Jolla, CA) was utilized to
analyze the data. Data were expressed as
mean + standard deviation.

Results

Isolation and identification of
Bifidobacterium species

Under the microscope, cells were short
rods, some of which were curved and others
took the shape of the letter Y, and they were
single or couples (Figure 1). They had the
potential to grow at temperatures of 35 and
45 °C but were not able to grow at
temperatures of 5, 10, 15, 20, 25, and 30
°CCytotoxic effects of compounds
isolated from Bifidobacterium species in
vitro

In the present study, 4 biosurfactant
compounds (numbered 1-4) were isolated
via ion exchange chromatography. The
IC50 was measured for each compound,
and each compound showed different
cytotoxic activity against MCF-7 and
WRL68 cells.
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Figure 1: Bacteria of Bifidobacterium species under a light microscope (100 X) using Gram staining
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Figure 2: Cytotoxic effect of different compounds (No.1 to 4, depicted in sections A to D, respectively)
assessed with the MTT assay

Discussion

Biosurfactants are a diverse group of
compounds that consist of two distinct
moieties: a hydrophobic one and a
hydrophilic one (nonpolar and polar,
respectively). To characterize
biosurfactants, it is important to determine
the hydrophilic-lipophilic balance [12],
which determines the solubility of
biosurfactants  [13]. Low  toxicity,
biodegradability, wide application, high
activity at various pH and temperature
values, low production cost [14], and lower
pathogenicity are among the main
characteristics that make biosurfactants
special in food and medicinal industries. Of
course, it is necessary to produce it from
safe and nonpathogenic organisms [15].

In the current study, we tried to assess the
cytotoxic effects of biosurfactants on the
MCF-7 cancer cell line and the WRL68
normal cell line. Among the isolated
biosurfactants, No. 4 had an IC50 value of
150.5 pg/ml in MCF-7 cells, with no
significant effect on WRL68 cells. In 2014,

Duarte et al. [16] showed that biosurfactants
have the potential to be used in the
treatment of breast cancer. It was found in
another study that the properties of
biosurfactants can be beneficial in many
medicinal settings. In that study, 5 synthetic
biosurfactants from different sources were
examined in terms of cytotoxicity. Results
showed that cytotoxic activity was related
to biosurfactants [13]. However, they did
not examine the effect of biosurfactants on
normal cell lines. Another study used a
bacteriocin derived from Lactococcus lactis
on breast cancer (MCF-7) and normal cell
lines (WRL) [17]. It found a positive
correlation between cytotoxic activity and
concentration of the biosurfactants: where
the concentration was high, the toxicity
against normal cells increased.

Reports have shown that the biosurfactant
surfactin can cause apoptosis in the
mentioned cancerous cells via an
ROS/JNK-mediated mitochondrial/caspase
pathway, such as the effect of lipopeptides
produced by Bacillus subtilis HSO121 on
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the BCaP-37 breast cancer cell line,
namely, inducing apoptosis in a dose-
dependent way. Lipopeptide-induced
changes in breast cancer cells’ fatty acid
content were linked to apoptosis. Many
other lipopeptides (surfactin isoforms and
fengycin) have also been shown to exhibit
substantial cytotoxic effects against the
HCT-15 and HT29 cell lines of human
colon cancer [18].
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